APPARATUS AND METHOD FOR EXTRACTING PARTICLES 
FROM A FLUID STREAM 


Technical Field of the Invention 

The present invention relates to an extracting device that uses the flow of the 
liquid through a hydraulic system for removing grit or other particles from a solid- 
laden liquid. 

Background of the Invention 

A known grit extractor apparatus for liquid sewage includes inlet and outlet 
troughs or flumes connected to a round settling chamber. This type of apparatus 
has a typical flow rate turn down ratio of about four to one. 

In the known grit extractor apparatus, flow velocity is a critical factor in 
determining turn down ratio. The flow velocity must be maintained between about 
1 .5 feet per second to about 3.5 feet per second. A flow velocity below 1 .5 feet per 
second will tend to allow grit to settle in the extractor troughs where it is difficult to 
remove by the flow stream. As a result, the troughs have to be manually cleaned. 
For a flow velocity above 1 .5 feet per second, the flow is turbulent. When the flow 
is too turbulent, at velocity above 3.5 feet per second, the grit will not move to the 
bottom of the flow stream where it can effectively attach to the bottom of the 
chamber, and will not remain on the bottom of the chamber to be moved to a 
central grit storage chamber. 

Grit extractor apparatus are disclosed in U.S. Patents 4,767,532; 4,107,038; 
and 3,941 ,698. The grit extractor apparatus of these patents introduce the liquid 
and grit into a round chamber wherein the resultant hydraulics within the chamber 
control the degree of grit removal. There is a natural tendency in these extractor 


apparatus for the hydraulic flow to pass from the influent to the effluent as rapidly 
as possible. This tendency results in some short circuiting across the chamber, 
especially at low flows, resulting in less than optimum grit removal. The effluent 
flow from the round chamber is over a broad area. The outflow has a large radial 
5 vector that results in decreasing the circular velocity, due to being at right angles to 
the circular flow. Reduced circular velocity can result in inefficient velocity to move 
grit, causing grit buildup on the floor of the chamber, especially at low liquid flow 
rates. 

C There is little control of liquid flow velocity entering the chamber, as flow 

pi velocity is a function of flume width, which is a set dimension, the quantity of liquid 

4; 

yj flowing, and the height of the liquid flowing in the flume. If the velocity is too great, 

il 

i^' the grit is uniformly suspended or distributed in the flow. Unifomn distributed grit is 
harder to recover. If the level in the inlet or influent flume is raised, by elevating the 

Of level of the outlet or effluent flume, the velocity at low flows will be low and cause 

Is grit accumulation in the chamber or in the influent flume. Because of these design 
restraints, a typical four to one turn down ratio is a design limitation. 

The present inventors have recognized the desirability of providing a grit 
extractor apparatus that is designed for future anticipated higher flow rates, and yet 
be able to effectively operate for present day smaller flow rates. For example, if a 

20 difference in daily peak flow to minimum daily flow is about three to one to four to 
one, it is understandable that a future peak or maximum flow rate incorporated into 
a design may be projected to a larger amount, such as twice as large as the 
present maximum flow rate, such that the turn down ratio from the present 
minimum flows to the future maximum or peak flows will be six to one to eight to 

25 one. 
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The present inventors have recognized the desirability of reducing the area 
or "footprint" of such extractor apparatus to fit the apparatus inside existing 
buildings, to install larger extractor apparatus in the same space that an existing 
extractor apparatus occupies, or in order to minimize space in a new plant. 

5 

Summary of the Invention 

A grit extractor apparatus according to the present invention achieves 
optimum grit removal by using hydraulic currents to rotate grit-laden liquid so the 
CI grit comes in contact with the bottom of the grit removal chamber at a sufficiently 
W slow velocity to be deposited on the bottom. The velocity is sufficiently fast such 

SIS 

that hydraulic currents generate a moving force that gently pushes the grit along the 
floor of the chamber to the center where the grit is collected in a storage chamber 
2 for removal. 

B a ; 

0=1 The present invention incorporates novel structure to control the flow of 

IS liquid and grit within a circular chamber and within inlet and outlet troughs or 

flumes. The flow velocity entering and leaving the chamber is controlled by the 
width of the entrance of the outlet flume. The velocity is controlled over a ten to 
one flow range by the novel use of hydraulic phenomena of the fluid level entering 
a narrow flume. According to the present invention, a ten to one variation in flow is 
20 achieved with an effective flow velocity in the range of 1 .5 feet per second to 3.5 
feet per second. 

Hydraulic control of flow velocity is incorporated inside of the grit chamber 
instead of outside of the chamber, as in existing grit removal devices. This feature 
reduces the area that the unit occupies and greatly reduces the installation 
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footprint. The grit extractor apparatus of the invention increases efficiency of grit 
removal. 

Numerous other advantages and features of the present invention will 
become readily apparent from the following detailed description of the invention 
and the embodiments thereof, from the claims and from the accompanying 
drawings. 

Brief Description of the Drawings 

Figure 1 is a schematic sectional view of a grit extractor apparatus of the 
present invention; 

Figure 2 is a graphical depiction of flow stream curves; 

Figure 3 is a schematic plan view of a lower level of the apparatus of Figure 

1; 

Figure 4 is a schematic plan view of an upper level of the apparatus of 
Figure 1 ; and 

Figure 5 is a schematic sectional view taken along line 5-5 of Figure 1 . 

Detailed Description of the Preferred Embodiments 

While this invention is susceptible of embodiment in many different forms, 
there are shown in the drawings, and will be described herein in detail specific 
embodiments thereof, with the understanding that the present disclosure is to be 
considered as an exemplification of the principles of the invention and is not 
intended to limit the invention to the specific embodiments illustrated. 

Figure 1 illustrates an apparatus 10 for separating grit from grit-laden liquid 

71 entering the apparatus. An inlet trough 40 has an inlet conduit 41 that conveys 
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the liquid 71 downwardly at a slight angle. The conduit 41 turns to the horizontal 
adjacent to a grit removal chamber 1 1 . At the intersection of the chamber 1 1 , a 
trough bottom 43 is at the same elevation as a bottom 13 of the grit removal 
chamber 1 1 . One vertical wall 42 of the conduit 41 is tangent to a wall 22 of the 
chamber 1 1 where the wall 42 terminates. A vertical wall 44 is parallel to the wall 
42 and enters the chamber wall 22 at an inlet location 48 (shown in Figure 3). A 
wall 45 extends across the chamber 1 1 to an inlet opening 46 where the grit-laden 
liquid enters chamber 11, flowing circumferentially around the wall 22 of the 
chamber. A top 47 of the conduit 41 is parallel to the bottom 13 and becomes the 
bottom of an effluent flume 55 that extends across the chamber 1 1 . An influent 
tunnel is formed by the top 47, the wall 45, the floor 13 and the wall 22. 

One example of a grit removal chamber includes an 18 foot diameter, 9 foot 
tall wall 22 for a 30 million gallons per day flow rate. 

The grit-laden liquid flows from the opening 46 around the inside perimeter 
of the chamber 1 1 , forming a lower channel of flow 56 as shown by the dashed 
arrows. The liquid at the wall 22, being of slightly higher head resulting from 
centrifugal force, flows down the wall 22 to the bottom 13, across the floor 13 to a 
center hole 1 5. The radial velocity component along with the rotation velocity, 
results in a spiral movement of flow 57 shown by the "G-arrows". The grit in this 
liquid comes in contact with the floor as the liquid is forced into a thin film, spread 
across the floor 13. The grit contacts the floor and is deposited on the floor. The 
spiral movement of flow 57 moves the grit across the floor 13 to the center hole 15. 

A paddle 17, driven by a gear drive 19 and a drive shaft 18, rotates at a 

faster rotary speed than the surrounding liquid. The result is a pumping action 

across the floor 13, upward from the paddle, inducing additional pushing action on 
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the grit. There is sufficient velocity to convey the lighter organics upward through 
the paddle to the surface. The flow moves across the surface of the liquid in the 
same manner as the centrifugal force, reinforcing the centrifugal force. The grit 
moves across the floor, drops down the center hole 15 into the grit storage 
chamber below (not shown). The bottom 13 may be flat or sloped downwardly 
toward the center hole. The grit storage chamber and grit removal apparatus can 
be as disclosed in U.S. Patents 4,767,532; 4,107038 or 3,941,698, all herein 
incorporated by reference. 

The liquid, less the grit, flows in the lower channel of flow 56 around the 
inside periphery of the apparatus adjacent to the wall 22. The wall 45 and the shelf 
64 operate in unison to define the upper and lower channels of flow 56, 58 flowing 
around the shell inside perimeter. The lower channel of flow 56 flows under a shelf 
64 and Is deflected by the wall 45. Trapped between the shelf 64, the wall 22, the 
floor 13, and a more slowly rotating inner cylinder of liquid 59, the lower channel of 
flow 56 is forced upwardly. The channel of flow is now in the upper half of the liquid 
height, forming an upper channel of flow 58 that flows around an upper perimeter of 
the chamber adjacent to the wall 22, as shown by the dotted arrows. 

The upper channel of flow 58 flows into an outlet opening 65a formed by a 

flume 65 defined by the wall 22, a wall 62, and a floor 64. The width Y of an 

opening 65a into the flume is narrower than the entrance width W of the inlet trough 

40. This narrower opening results in a higher liquid level in grit removal chamber 

1 1 to force the incoming flow through the more narrow opening 65a. The liquid 

flows through the flume 65 into an exit flume 66 defined by a wall 52 extended from 

the wall 22, a wall 60 and a floor 67. The flow then exits the apparatus to a further 

apparatus or other destination (not shown). 
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To operate at optimum performance, it is necessary to have influent velocity 
between about 1.5 feet per second and 3.5 feet per second at all process flows. In 
this flow range, the larger grit settled out of the flow stream will move along the 
bottom and smaller grit in the flow stream will be In heavier concentration near the 
bottom. Within this velocity range the grit will be easier to remove as it is already 
on or near the bottom of the flow stream. If the flow velocity is too low, however, 
the heavy grit settled on the bottom will not be moved along the bottom. This 
results in grit accumulating in the inlet flumes and not in the chamber. If the 
velocity is too high, the grit will be mixed as a heterogeneous flow, making it difficult 
to attach to the floor of the chamber. The result is poor removal efficiency. The 
velocity range of 1 .5 feet per second to 3.5 feet per second has been determined to 
be an effective operating range. 

Figure 2 shows the relation of various grit sizes in the flow stream at various 
velocities. Liquid velocity between 1 .5 feet per second and 3.5 feet per second 
yields the optimum settling and bed flow for grit sizes most likely present in large 
quantity in sewage water. 

To control the inlet velocity, the dimension Y of the flume 65 can be varied. 
This controls the depth of liquid 70 in the grit chamber 11, which reflects back to the 
height H of liquid in the influent trough 40. The entrance width W of the influent 
trough 40 is fixed for a certain flow unit. If H is varied in proper flow ratio, the 
influent flow will remain within the prescribed velocity range at the various flows. 

The height of the flow entering the flume 65 varies per the following formula: 

H = (Q / 3.09Yr U = Q 

WH 

where Q = flow in feet' per second 
Y = width of flume in feet 


U = velocity in feet per second 
W= width in feet 
H = height in feet 

5 The opening 46 controls the influent velocity into the grit removal chamber 

1 1 . The opening height is the same as the height of the wall 44. The width of the 
opening is: 

X(W) where X is a percent and 
W is the width of Influent in feet, and 
10 X is 65 to 85%, preferably 75% 

H 

Tss;? 
issr; 

H By bringing the influent flow through the restricted inlet opening 46 adjacent 

■W to the wall 22 at the proper velocity, the channel of flow 56 is formed passing 
^" around the inside perimeter of the grit chamber 1 1 . The upper channel of flow 58 
R further defines and confines the channel of flow 56 around the inside periphery of 
P the wall 22. 

N= The presence of the two channels of flow 56, 58 forces the liquid to rotate 

around the chamber 1 1 twice before exiting, giving more opportunity for grit 
removal. As both channels of flow 56, 58 are turning at the same speed, they do 

20 not intermix. The shelf 64, the wall 22 and the wall 62 separate the flow leaving the 
chamber 1 1 without creating any significant turbulence in the chamber 1 1 . 

The upper and lower channels of flows 56, 58 have approximately the same 
dimension flowing around the inside perimeter of the wall 22. The top 47 of the 
tunnel causes the flow to move out in a straight manner like a nozzle. The upper 

25 rotating formed channel of flow 58 moves over the entering liquid that forms the 

lower channel of flow 56. This prevents back eddy currents at the top of the lower 
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channel of flow 56. The result is the liquid entering the chamber 1 1 remains as a 

formed lower channel of flow 56. 

As this of flow channel 56 rotates around the inside perimeter of the wall 22, 

it slides under the bottom 64 of the exit flume 65. This prevents flow from stripping 
5 off the top of the formed channel 56. The prevention of stripping is caused by the 

projection Z of the exit flume 65. The dimension Z should vary from 2 feet on small 

units to 3 feet on large units. 

The projection Z also confines the rotating channel 58, that is formed 

clockwise past the flume 65, to the dimension of the formed channel entering the 
pO flume 65. In this regard, the perimeter wall 22 acts like the bottom of a channel. 
W The floor 13 of the chamber 1 1 acts like the side of a channel. The bottom 64 of 
^ the flume 65 acts like the side of a channel. These barriers force the channel of 

flow 56 to move past the flume 65 and be forced upward by walls 45 and 60 to form 
m the top rotating channel of flow 58 with a minimum of dimensional change, 
is The upper formed channel of flow 58 moves around the wall 60 and the 

perimeter wall 22 to the exit flume 65 at approximately the same velocity and 

dimension as the lower formed channel of flow 56. Each formed channel of flow is 

about half the depth of the chamber 1 1 . 

The velocity entering and leaving the chamber is controlled by the width Y of 
20 the flume 65. This velocity is controlled over a 10 to 1 flow rate by the novel use of 

hydraulic phenomena of the liquid level entering a narrow flume being in the ratio of 

H = (Q / 3.09Yr. 

As an illustration of turn down ratio, two flow rates into the flume 40 are 

described below: 
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Q 


46.42 feeP per second 


Q 


4.64 feef per second 


Y 


3 feet 


Y 


3 feet 


H 


2.93 feet 


H 


0.63 feet 


U = 46.42 / 2.5 (2.93) = 3.5 ft. per sec. U = 4.64 / 4.5 (0.63) = 1 .6 ft. per sec. 
both for a 4 14 ft. wide inlet. For this 10 to 1 turn down in flow rate, the velocity 
remains In the required range of 1 .5 feet per second to 3.5 feet per second. 

In the prior calculation, at peak flow, the width Y of the flume is 3 feet, the 
height of flow exiting is 2.93 feet, giving a wetted area of 8.79 square feet. The 
velocity passing out of the flume 65 at peak flow of 46.42 fP/sec. is 46.42 / 8.79 = 
5.3 ft/sec. The velocity passing out at minimal flow is 4.64 / 3 (0.63) ft^/sec. = 2.5 
ft/sec. These high exit velocities into the opening 65a of the flume 65 tend to draw 
the liquid around the perimeter wall 22 to fonn the channel 58 flowing at this 
velocity. The inlet opening 46 into the chamber has typically about the same width 
X(W): (0.75) (4.5) = 3.4 ft as the exit flume 65. This common width forms the 
channel flow velocity (2.5 + 0.42) / 2 = 1.5 ft/sec. flowing around the perimeter. At 
the lowest flow, the velocity of the formed channel is about the average of the inlet 
and outlet velocity. At the minimum, it is readily seen that the velocity in the 
chamber never drops below the minimum velocity, to keep grit moving at sufficient 
velocity. 

The height of the liquid rotating in the chamber 1 1 reduces as the influent 
flow decreases. The decrease in height at 1/10 maximum flow Is almost one half. 
This means that there is less mass of liquid to rotate. A smaller mass results in 
less velocity of incoming liquid required to keep rotational velocity. This is 
demonstrated by the fact that at a drop of inlet velocity to 1/10 maximum velocity, 
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the rotational speed only drops to about one half of maximum required velocity of 
3.5 feet per second to 1 .6 feet per second rotational velocity. 

From the foregoing, it will be observed that numerous variations and 
modifications may be effected without departing from the spirit and scope of the 
invention. It is to be understood that no limitation with respect to the specific 
apparatus illustrated herein in tended or should be inferred. It is, of course, 
intended to cover by the appended claims all such modifications as fall within the 
scope of the claims. 
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